2013; Ullberg, Zia, Petersson, & Norrving, 2015; Wolfe et al., 2011) .
Some of these report relatively stable levels of disability with respect to dependency in activities of daily living (ADL) over 5-10 years after stroke (Luengo-Fernandez et al., 2013; Wolfe et al., 2011) . Others report increasing (Dhamoon et al., 2009; Ullberg et al., 2015) or decreasing (de Campos et al., 2017 ) ADL dependence beyond the first three months after stroke, thus challenging the concept that the chronic phase of stroke is stable (Kwakkel & Kollen, 2013) .
The gap of knowledge with respect to the long-term course of functional outcomes after stroke is an obstacle for delivering adequate care and support to stroke survivors. If disability during the chronic state after stroke is not stable, it may also be modifiable.
Thus, better knowledge of the long-term course of disability after stroke is crucial for the development of timely interventions that can better meet the needs of people afflicted by stroke.
The aim of this study was to contribute descriptive data on the time course of disability over 5 years after stroke, and to identify predictors for improvement as well as deterioration beyond the first three months after stroke.
| MATERIAL S AND ME THODS

| Materials
Data were obtained from two quality registers assessing stroke care; the Swedish Stroke Register (Riksstroke) (Asplund et al., 2011) , and the Skaraborg Longitudinal Stroke Register (SLAG). The SLAG register is a local register containing data from annual follow-ups over 5 years for all patients with an acute stroke treated at the Stroke Units at the Skaraborg Hospitals. The register was established in collaboration with the Swedish Stroke Register in order to assess quality aspects of long-term stroke care. The Skaraborg Hospital has two collaborating Stroke Units located at two county hospitals, serving approximately 285,000 inhabitants of the entire Skaraborg County in southwestern Sweden. According to local and national guidelines, all patients presenting with a suspected acute stroke, regardless of severity and age, occurring in the Skaraborg County should be admitted to one of the two Stroke Units at the Skaraborg Hospital. Assessments from the Swedish Stroke Register (Riks-Stroke, 2011) show that a high proportion (>90%) of acute stroke patients were cared for at Stroke Units at the Skaraborg Hospitals during the study period. For the present study, we included all patients who were independent in ADL before stroke and were admitted to one of the Stroke Units at the Skaraborg Hospitals with a first ever stroke between 1 January 2007 and 31 December 2009.
| Ethical considerations
Written information about the SLAG register, the voluntary nature of participation, and the possibility to actively decline participation was given to the participants during their hospital stay.
As data was collected primarily for quality assessment, formal written informed consent was not obtained. Approval to use the collected data in the quality register for a retrospective analysis was received from The Regional Ethics Board in Gothenburg (ref.
nr 270-14).
| Clinical variables at baseline and at three months post stroke
Data on age at acute stroke, sex, previous strokes, ability in ADL before and 3 months post stroke, living situation before and post stroke, type of stroke, stroke severity at admission measured as National Institute of Health Stroke Scale (NIHSS) score, presence of vascular risk factors, and secondary preventive treatments at discharge were obtained from the Swedish Stroke Register. In this register ability in ADL 3 months post stroke is assessed by three questions with the following response alternatives; (a) "How is your mobility now? Independent/independent indoors/need help", (b) "Do you need help from someone to visit the toilet? Yes/ No," and (c) "Do you need help getting dressed and undressed?
Yes/ No" (Eriksson, Appelros, Norrving, Terént, & Stegmayr, 2007) .
ADL dependency was defined as needing help with indoor mobility, dressing or toileting, whereas those who were independent in indoor mobility, dressing and toileting were regarded as ADL independent. 
| Clinical variables one to five years post stroke
| Patients lost to follow-up
Patients who did not return the questionnaire received one postal reminder and the study nurse made attempts to contact them by telephone. The group "Patients lost to follow-up" comprised those patients who did not return the questionnaire after one reminder, were not available by telephone and persons who had no valid address. Declining patients were not invited for further follow-ups.
| Statistical analyses
Descriptive statistics as mean and standard deviation for continuous data and frequencies and percentages for categorical data was presented. Change in ADL ability from 3 months to 5 years post stroke was analyzed separately in survivors with respect to ADL ability 3 months post stroke using the Kaplan-Meier method. For both groups this analysis was stratified with respect to age (up to and above 75 years). Factors associated with improvement or deterioration in ADL ability were investigated separately using univariate and multivariate Cox logistic regression models. Variables associated with improvement or deterioration in ADL ability in univariate Cox regression analyses (p < 0.1) were selected for the multivariate models. As patients did not report on their perception of met or unmet care needs at 3 months follow-up, we used data from follow-up at one year after stroke for this variable. To investigate to what extent the results were influenced by those who deteriorated or improved between three months and one year, i.e., before the perception of met or unmet care needs were collected, a sensitivity analysis excluding individuals deteriorating from ADL independency to dependency between three months and one year was performed.
p-values <0.05 were considered as statistical significant. IBM SPSS v.22 was used to perform all statistical analysis.
| RE SULTS
In total, 2,167 stroke events were recorded during the study period.
Of these, 1,421 were first-ever strokes in previously ADL-independent individuals. Baseline characteristics for the 1,421 participants and perceived unmet care needs at the first annual follow-up are given in Table 1 . The mean age was 75.9 years, 643 (45%) were females, mean NIHSS was 6.4, and 90% of the strokes were ischemic.
At one year after stroke 324 (31%) reported self-perceived unmet care needs. The most common reported unmet care need were rehabilitation, reported by 22%, followed by disability aids (10%), service (8%), health care (6%) and personal care (5%). Missing data was low for all variables (<8%), except for the NIHSS score for which data was missing in 22% at baseline and in 18% among survivors at 3 months post stroke. A study flow chart showing the follow-up annually over the 5 years is given in Figure 1 . At each time point, the response rate was >90%. The proportion of the returned questionnaires that were answered by the stroke survivors themselves was stable during follow-up and between 57%-63% at the different time points. The corresponding proportions of returned questionnaires answered by the stroke survivor with help from a relative or care giver was 24%-31%, and 11%-13% for questionnaires completely answered by relatives or care givers. Among those returning the questionnaires, information about ADL status was missing in 5%, 7%, 9%, 7% and 8% at year one, two, three, four and five, respectively.
The cumulative survival was 85% at 3 months, 79% at year one, 72% at year two, 66% at year three, 59% at year four and 54% at year five post stroke. Over the first two years, survival was poorer among those with hemorrhagic stroke with a cumulative survival of 76% at year one, 73% at year two, 65% at year three, 62% at year four, and 57% at year five. At 3 months, 908 survivors reported ADL independency, 272 reported ADL dependency, 211 were dead, and data on ADL status was missing in 30. As shown in Figure 2 the absolute number of ADL-dependent stroke survivors decreased over time.
However, the proportion of survivors reporting ADL dependency remained stable (22% at 3 months, 20% at one, 20% at two, 21% at three, 19% at four, and 20% at five years post stroke).
As shown in Figure 3 , Panel A, ADL-independent survivors at 3 months after stroke deteriorated to ADL dependency at a slow but constant rate throughout follow-up. In total 192 individuals deteriorated, with cumulative proportions of 3% at one, 6% at two, 11% at three, 14% at four, and 18% at five years post stroke. Similar patterns were observed in subjects above and less than 75 years of age, although those <75 years deteriorated at a slower rate. Cox regression multivariable analysis identified age (hazard ratio [HR] 1.11, 95% confidence interval [CI] 1.08-1.13), diabetes (HR 1.65; 95% CI 1.12-2.44), NIHSS score (HR 1.07, 95% CI 1.04-1.10), and self-perceived unmet care needs (HR 2.01; 95% CI 1.44-2.81) as independent predictors for deterioration to ADL dependency (Table 2) 
| D ISCUSS I ON
Our results show that the proportion of survivors that is dependent on others for ADL remained relatively constant over 5 years post stroke. However, when investigating the trajectories of disability stratified by ADL dependency at 3 months after stroke, we found that transitions between dependency and independency occurred throughout the study period. Deterioration from ADL independence to dependency from 3 months and onwards was predicted by age, NIHSS score at baseline, diabetes and self-perceived unmet care needs, while improvement from ADL dependency to independence was predicted by living alone before stroke, ischemic stroke, and NIHSS score at baseline, (all inverse associations).
The chronic phase beyond the first year after stroke has so far received little attention. It has been perceived as relatively static, an assumption that is supported by studies showing a strong association between disabilities at 3 months post stroke and long-term outcomes (Hankey, Jamrozik, Broadhurst, Forbes, & Anderson, 2002; Magalhaes et al., 2014) , and large longitudinal cohort studies showing that the proportion of survivors with ADL dependency remains stable over time (Luengo-Fernandez et al., 2013; Wolfe et al., 2011) . However, our results indicate that the relatively stable proportion of ADL dependency at different time points after stroke does not reflect a static course, but rather the balance between death of ADL-dependent subjects and a net flow of survivors converting from independency to dependency. (90) 491 (87) 794 (93) Hemorrhagic stroke, n (%) 126 (9) 68 (12) 58 (7) Undetermined, n (%) 9 (1) 4 (1) 5 (1) NIHSS total score, mean (SD) a 6.4 (7.6) 5.1 (6.7) 7.4 (8.0) NIHSS 0-5, n (%) 704 (49) 333 (59) 371 (43) NIHSS 6-14, n (%) 237 (17) 78 (14) 159 (18) NIHSS ≥ 15, n (%) 167 (12) 49 (9) 118 (14) Missing NIHSS-data, n (%) 313 (22) 103 (18) 210 (24) Living alone before stroke onset, n (%) 658 (46) 178 (32) 480 (56) Use of antihypertensive at stroke onset, n (%) 764 (54) 242 (43) 522 (61) Diabetes, n (%) 261 (18) 105 (19) 156 (18) Current smoker, n (%) 172 (12) 130 (24) 42 (5) Atrial fibrillation, n (%) 395 (28) 72 (13) Among the survivors who were independent in ADL at 3 months, about 3% per year deteriorated to ADL dependency during follow-up.
TA B L E 1 Characteristics of the study population
Clearly, part of this deterioration could be explained by increasing disability related to aging. However, it is important to note that this deterioration also occurred among younger stroke survivors, not normally subjected to deterioration solely because of increasing age. Moreover, besides age, NIHSS score, diabetes and self-perceived unmet care needs predicted deterioration to dependency. A similar modest annual decline in ADL function during 5 years of follow-up was observed in the Northern Manhattan Study (Dhamoon et al., 2009) , with a poorer course in those with Medicaid or no health insurance, possibly due to more limited access to rehabilitation and care services. In line with these findings, van de Port, Kwakkel, van Wijk, and Lindeman (2006) reported that deterioration in mobility between 1 to 3 years after stroke was predicted by a poor level of activity. Our observation that stroke survivors' self-perception of unmet care needs may predict deterioration raises the question if it would be possible to modify this course with delivery of care, support and rehabilitation that meets the stroke survivors' perception of needs. It also calls for further studies exploring stroke survivor's perception of care needs in the chronic phase after stroke. 
ADL-function at each follow up (n=1421)
% ADL-independent % ADL-dependent % missing data on ADL % dead Also, among those with ADL dependency at 3 months post stroke, the functional status was not static and transitions to ADL independency occurred up to 5 years after stroke, especially in those <75 years of age at acute stroke. Significant improvements of disability in the chronic phase after stroke has been reported before (Hankey et al., 2002; Magalhaes et al., 2014; van de Port et al., 2006) , but have so far received little attention. We found that improvement to ADL independence was less likely to occur among those living alone at acute stroke. The underlying mechanisms explaining these associations are not clear, but the observations are in line with studies showing poorer general health and prognosis among those living alone (Reblin & Uchino, 2008; Rendall, Weden, Favreault, & Waldron, 2011; Scheurer, Choudhry, Swanton, Matlin, & Shrank, 2012 ). However, it should be noted that the relatively low absolute numbers contributing to the analyses of transitions among the ADLdependent survivors limited the statistical power. Nevertheless, the F I G U R E 3 Time to activity in daily life (ADL) dependency (deterioration, a) and ADL independency (improvement, b) according to age, in survivors ADL independent at 3 months (n = 908) (a) and in survivors ADL dependent at 3 months (n = 272) (b) observation of a nonstatic long-term course warrants further studies on how improvements in those with ADL dependency could be supported in the chronic phase after stroke.
TA B L E 2 Predictors for deterioration to ADL dependency during follow-up
Recently, a substantial increase in ADL dependency among stroke survivors between 3 and 12 months after stroke was reported from the Swedish Stroke Register by Ullberg et al. (2015) . In that study, the ADL dependency rate among stroke survivors increased from 16.2% at 3 months to 28.3% at 12 months. Deterioration to ADL dependency from 3 to 12 months was predicted by female sex, diabetes, stroke severity, previous stroke, stroke type and atrial fibrillation. Some of the methods used in the study by Ullberg et al. (2015) are similar to our study. Both studies are hospital based, were conducted in Sweden, and used the same method for measuring ADL dependency. However, although the studies were partly conducted during the same time period, the study populations do not overlap, as the Skaraborg Hospitals only joined the one-year follow-up in the Swedish stroke register after 2010. We did not replicate the dramatic loss of ADL function during the first year. The explanation for the different findings is not clear, but may partly be attributed to some methodological differences. In the study Ullberg et al. (2015) a relatively large proportion of the population was lost to follow-up at 12 months, and their analysis was not restricted to first ever stroke.
Although highly speculative, it is also possible that local variations in access to rehabilitation and care services may contribute, as we found that deterioration to ADL dependency was associated with a perception of unmet care needs.
The strengths of this study include the long-term longitudinal follow-up of a large unselected hospital based cohort with a low portion of participants lost to follow-up. The study also has some important limitations. The absolute numbers of study participants with ADL dependency at 3 months were low, limiting the statistical power. Moreover, we did not have information about important possible contributors to transitions in ADL status including recurrent strokes during follow-up, depression and cognitive status. As we used data from the Swedish Stroke Register to measure ADL ability at 3 months, we were limited to use their method for measuring ADL also at the subsequent annual follow-up. This measure is based on the core variables in well-established standard scales such as the Barthel Index and the modified Rankin Scale. However, the findings cannot be directly translated to the full scales, which may be considered a limitation. Data for self-perceived unmet care needs was collected for the first time at follow-up at 12 months, and not (which would have been ideal) at 3 months, leading to a potential influence of reverse causality on the results, as individuals who deteriorated between 3 to 12 months may be more likely to report their care needs as unmet. However, in sensitivity analyses excluding those with deterioration before 12 months, the association between selfperceived unmet care needs and deterioration to ADL dependency remained. It should also be noted that patients were recruited [2007] [2008] [2009] . As dependency levels at 3 months have been reported to be decreasing over the last decade, it may be argued that our results
are not applicable to more recent cohorts. However, the observed decrease in stroke severity is mainly attributed to better prevention and acute therapy. Here, we investigated the chronic phase with the starting point at 3 months post stroke. For this phase, no new therapies have been introduced over the last decade. 
TA B L E 3 Predictors for improvement to ADL independency during follow-up
| CON CLUS IONS
In conclusion, in this study we show that despite stable proportions of ADL dependency among stroke survivors at different time points after stroke, transitions between ADL independence and dependency occur up to 5 years after stroke, indicating that the chronic phase after stroke is not static. We also found potentially modifiable factors predicting these transitions, emphasizing the need for interventions and support also during the chronic phase after stroke.
ACK N OWLED G M ENTS
The authors thank Inger Nordin and Eva Åkerhage for their excellent work with data collection and registration. The authors would also like to convey their gratitude to all the informants, without whose participation this study could not have been carried out. 
CO N FLI C T O F I NTE R E S T
The Authors declare that there is no conflict of interest.
DATA AVA I L A B I L I T Y S TAT E M E N T
The data that support the findings of this study are available on request from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.
O RCI D
Åsa Rejnö
https://orcid.org/0000-0002-6454-9575
